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SOME INFORMATION ON THE STRENGTH OF WICK-SKIN W I N G S  

YITR MULTIGTEB AND MULTIPOST STABILIZATION 

By Roger A .  Anderson,  Richard A. Pride, 
and  Aldie E. Johnson,  Jr. 

The  preliminary  results of strength  tests on thick-skin  wing struc- 
tures  are  described. Some of the  factors  which  have a rnaJor  influence 

construction  are  illustrated  by  the data presented,  and  the  conditions 
under  which a combination of multiweb  and  multipost  construction may be 
used  are  discussed. Also given  are  the  results  of  bending  tests on hol-  
low circular-arc  airfoils. 

- on  the  buckling  behavior and strength of multiweb  and  multipost  stiffened 

INTRODUCTION 

A current  tnvestigation by the  Langley  Structures  Research  Division 
is concerned  with  obtaining  experimental  data  on  the  strength  character- 
istics  of  thin  wings  with  thick  cover  skins  under  various  loadings.  The 
beam  structures  tested  to  date  have  incorporated  the  essential  structural 
features of multiweb  and  multipost  stiffened wing construction. A small 
number  of hollow circular-arc  airfoil  specimens  hsve also been  tested  to 
failure in pure bending. 

This paper  describes  the  preliminary  results of these program and 
points  out  some of the  factors  which  influence  the  buckling  behavior 
and  strength  characteristics of the  various  constructions. 

SYMBOLS 

. Symbols for  dimensions of test  specimens  are s h m  in  figure 2. 
In addition,  the  following  definitions  are  given  for  symbols  used in the 
paper. - 
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4 moment of i ne r t i a  of specimen cross  sections,   in.  

bending moment a t  buckling,  in-kips 

bending moment a t  fa i lure ,   in-kips  

torque moment a t  buckling,  in-kips 

torque moment a t   fa i lure ,   in -k ips  

average s t r e s s   i n  cover  skins a t  f a i lu re ,  MfH, k s i  
21 

distance between back of channel web and.center  l ine of r i ve t s ,   i n .  

width of web attachment  flange,  in. 

TEST SPEXIMENS 

Figure 1 shows the  general  types of wing constructions which a re  
considered i n   t h i s  paper. The f i r s t   c ros s   s ec t ion   i l l u s t r a t ed  is  a 
circular-arc  airfoil   without  internal  st iffening. The strength of such 
an a i r f o i l  when subjected t o  a bending moment serves  as a convenient 
lower limit t o  which the  strength of internal ly   s t i f fened  thick-skin 
a i r f o i l s  may be compared. The second wing s t ructure   sham i s  the famil- 
i a r  multiweb beam. The ro le  phyed by full-depth webs in   the  stabili- 
zation of cover skim w i l l  be discussed i n  the light of recent   t es t s  
and theory. A variation of the multiweb beam i s  the  multipost  stiffened 
beam, i n  which a l i ne  of posts and s t i f f ene r s  i s  used t o  replace a so l id  
web for  production  reasons  or  for  weight economy. 

A master drawing of each of the  three  types of t e s t  specimens  used 
to   obtain  s t rength data on these w i n g  constructions i s  shown in   f igure  2. 
Numerical values of the nominal  specimen  dimensions a r e   l i s t e d   i n  tables I, 
11, and 111. Also l i s ted   in   the   t ab les   a re   the   buckl ing  and f a i lu re  
moments for   the  specimens. As noted in   the  tables ,   the   c i rcular-arc  
a i r f o i l s  and the multiweb beams were constructed of 75s-T6 aluminum alloy 
and the  multipost  stiffened beams were constructed of 14s-T6 alumin7m 
tubing  with 75s-r6 a l d n u m   s t i f f e n i n g .  

All beam specimens were t e s t e d   i n  the combined load  testing machine 
- 

Of the Langley structures  research  laboratory. Bending and torque moments 
a t  buckling  and  failure were measured with an accuracy of fl percent, - 
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PRESENTATION OF RESULTS 

Circular-Arc  Airfoils 

The s t rength of long c i r cu la r - a rc   a i r fo i l s   i n  pure  bending is shorn 
in   f igure  3.  Rere the  strength i s  defined i n  terms of the bending stress 
developed i n   t h e  middle  plane of the  cover  skin a t  the midchord  of the 
a i r f o i l  a t  f a i lu re .  T h i s  stress is  plot ted as a function of t h e   r a t i o  
of beam thickness  to  skin  thickness H/tS for  various  values of H/c, 
the thickness   ra t io  f o r  the  cross  section. The curves  for a 4-, an 8-, 
and a 10-percent-thick  airfoil  are  derived from an ultimate-strength 
theory  given i n  reference 1. The theory i s  f o r  an i n f i n i t e l y  long beam 
and is  based upon the  progressive  f lattening of the  cross  section as the 
beam bends, the  so-called "Braz ier  e f fec t , "  and leads to  the  following 
ultimate  stress  formula: 

- The circles  are  experimental   results  obtained on beams of plan-form 
aspect   ra t io  3 between r i b  s ta t ions  (see table I )  and they are i n  fair  
agreement wi th  equation (I). 

It is seen that, because of the  cross-sectional  f lattening that 
occurs  during  bending of a hollow beam, the stress l eve l  a t  failure is  
generally low. The s t ruc tura l   s t rength  problem fo r   t h i ck - sk in   a i r fo i l s  
thus resolves  into  providing a system of internal  supports which w i l l  
prevent  cross-sectional  distortion and enable the thick  skin  to   carry 
the required flight loads. 

Multiweb Beams 

One practical   type of internal   s t ructure   consis ts  of full-depth 
spanwise webs. The stabil ization  provided  the wing cover skins by in t e r -  
nal spanwise webs is pr incipal ly  dependent upon the  depthwise s t i f fnes s  
of the webs. It i s  desirable that the  required  depthwise  stiffness be 
achieved  without  structural  complexity and at  the least possible  weight. 

Beams with formed webs.- A commonly used type of web consists of 
. a  channel formed from sheet  material .  The results of  pure  bending t e s t s  
on multiweb beam  in  which the  spacing and depth of  formed-channel webs 
have been varied are sham i n   f i g u r e  4. The test  speclmens consisted 
of three-cel l  beams of constant  depth  and  of  sufficient  length  to allow 
t he  free  formation of a buckle  pattern  (see  fig. 2 and table  11). The - 
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channel-type webs were cold formed from sheet   mater ia l   to  a 4% bend 

radius between the web and the  attachment  flanges. The r a t i o  of web 
thickness t o  cover skin  thickness i s  0.41. The l i n e  of r ivets   a t taching 
the webs t o  the cover  skins was kept RS close to the  plane  of the web 
as  permitted by the  corner radius. The diameter and p i tch  of  the  r ivets 
was such that the potent ia l   s t rength of the  structure  (see  ref.  2)  should 
have been developed. No r i v e t   f a i l u r e s  were encountered i n   t h e  tests. 

The average s t r e s s   i n   t he  cover skins at f a i lu re  has been defined 

as af = f and i s  plot ted  against   the  H/ t s  r a t i o   fo r   t he  beams 

(see   f ig .  4 ) .  The various beams were designed t o  provide a r a t i o  of 
c e l l  width t o  skin  thickness b of 25, 30, 40, and 60. For  each 

value of b , beams were tested in which the depth of the webs was 

va r i ed   t o  cover a range of r a t io s  of beam thickness  to  skin  thickness. 
Curves have been faired through  the test data obtained. 

M H  
21 

S P S  

S P S  

. 
Although the s t r e s s   l eve l   a t   f a i lu re   i nc reases  as "s/"s is 

decreased, it was noted that f o r  the beams with bSpS equal t o  25 and 

30 the   fa i lure   s t resses  were lower than  the  local  buckling  stresses that 
would be predicted  for beams w i t h  in tegra l  webs (ref. 3 ) .  As w i l l  be 
pointed  out later, these low fa i lure   s t resses   a re  a r e su l t  of the skin- 
web j o i n t   f l e x i b i l i t y  of beams w i t h  formed-channel webs. Also, as H/ts 
increases, the stress leve l   a t   fa i lure   t ends   to   decrease  because  of  the 
l o s s  of s t i f fnes s  i n  the webs due t o  local  buckling under the beam 
bending s t resses .  

Figure 3 presents the e f fec t  of changes i n  web-skin thickness  ratio 

on the af = - s t r e s s  at failure fo r   t he  multiweb beams tes ted  i n  t h i s  

investigation. The data are obtained from beams w i t h  a r a t i o  of bs/ts 
equal t o  30. Since  the  riveting of the beams was changed as tW/ts was 

changed (see  table 11), the  variation  in  strength shown in figure 5 may 
not be necessarily  at tr ibuted  solely t o  the changes i n  %/ts. The effect  
of increasing  the web thickness  relative  to  the  cover  thickness is t o  
increase  substantially  the stress leve l  at failure. 

21 

Beams with  extruded webs or cap members .- Extruded angles are often 
used t o  make the attachment  of webs t o  cover skins and experimental  evi- 
dence indicates that the  integral  plate-buckling  theory  of  references 3 
and 4 may be used to   predict   the  beam buckling  stress. The relationship 
between the  buckling  stress and the   fa i l ing   s t ress ,  however, has not been 
established  for a range of beam proportions. For a given 

proportions as well  as upon the  r ivet   s t rength.  Such a dependency has 
the  post-buckling  strength may be presumed t o  be dependent 

. 
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previously been  found for   the  local   cr ippl ing  s t rength of short st i f fened 
compression panels (refs. 2, 3, and 6 ) .  

- Until  sufficient  experfmental data have been  accumulated on the 
failing s t r e s s e s   i n  bending  of  multiweb beams w i t h  extruded webs (or  cap 
members) it would appear that the available data on the f a i l i ng   s t r e s ses  
of short  compression panels w i t h  extruded  st iffeners would be useful i n  
making strength predict ions  for  multiweb beams i n  bending. For example, 
extensive data exis t   in   references 5 and 6 on the  local  crippling  strengbh 
of strongly  r iveted,   short  75S-T6 aluminum-alloy  compression panels  with 
extruded  Z-stiffeners. The local   cr ippl ing  fa i lures   observed  in   these 
short  panels  are  very similar t o  the compression  surface failures that 
are  encountered i n  multiweb-beam tests. It, therefore,  seems reasonable 
that the  panebfai lure  data may be appl ied   to  make strength predictions 
for  geometrically similar rmiLtiweb beams, that is, beams with webs of 
the same cross-sectional details i n  the region of attachment to   sk in   a s  
the extruded  Z-stiffeners (minus their outstanding flanges). Such a 
strength predict ion  for  multiweb beam u i t h  a r a t i o  of web thickness t o  

- skin thickness of 0.41 is presented in figure 6. 

In  the  preparation of figure 6, it was assumed that, for given 
values of  bs,/ts and tw/ts, a m u l t i w e b  beam which w i l l  buckle a t  the 
same stress as  a Z-stiffened  panel will a l s o  develop an average  cover  skin 
stress a t  failure equal t o  the average stress in the panel a t  f a i lu re .  
With this assmption,  the web depth of the  equivalent  strength multiweb 
beams was d e t e d n e d  from a canparison of the buckling-stress  charts 
presented  in  references 3 and 7. This comparison indicated that, f o r  
given values of b@,S  and k/ts, multiweb beams i n  bending  with a web 
depth of % times the canpression-panel  Z-stiffener  depth will buckle at  
the same value of skin compressive stress. 

/ 

The trend of the  curves  presented i n  figure 6 i s  very similar t o   t h e  
trend of  experimental d a t a  given in flgure 4. A comparison of these two 
figures,  however, indicates that with 75s-T6 aluminum a l loy  a f a i l i n g  
s t ress   increase ranging from 25 to 35 percent is obtained by a change 
from formed sheet-metal webs (with a 4% bend radius between web and 
attachment  flange) to a square-cornered  extrusion  connecting the webs 
and covers. This strength  increase is  a t t r ibu ted  t o  the improved Support 
s t i f fnes s  of webs with square corners which permit   r ivets   to  be driven 
closer t o  the web plane,  thus  reducing  attachment  flange  flexibility. 

Bend-radius  investigation.-  Since it was apparent  that  the  support 
s t i f fness   of  webs could be strongly  influenced by the  detai l   design of 
the  attachment fhnge region,  four beams were built and tes ted  specif i -  
cal ly   to   explore  the e f f ec t  of  design  changes in  this region. The only 
variations  in  the  otherwise  nominally alike beams were changes in   t he  
bend radius between the webs and their attachment  flanges. These changes 

- 
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a re   sham  in   f i gu re  7. The first beam hsd square-cornered webs (with 
smsll fi l lets)  which are  achievable with an extrusion,  and  the  other 
beems cover a range of bend radii encountered i n  production  practice 
with sheet material. I n  each  case the j o i n t  was strongly  r iveted and 
the eccentr ic i ty  was minimized by keeping the l i n e  of r i v e t s  as close 
to   the  plane of the webs as the corner radii permitted. Details of the 
riveting  are  given in table 11. 

The results of pure  bending t e s t s  on these beams are sham in the  
bar graph ( f ig .  7) ,  and the  variation in the stress a t  failure is seen 
t o  be very  substantial. Compared with the 4% radfus specimen, which 
i s  representative of best production  practice with 7 5 6  sheet material, 
the specimen with the square-cornered  extrusion  carried a 40 percent 
greater bending moment. It is estimated that a further increase of a few 
percent i n  beam strength would be obtained i f  the jo in t   s t i f fnes s  were f'ur- 
ther  improved, fo r  example, by the  use of an extruded  T-connection between 
webs and  covers. The strength increase  obtained in these four tests by 
decreasing the radius between the webs and their attachment flanges is 
of the  order of magnitude of the strength increase  predicted frm 
extruded-2-stiffened-panel data as explained Fn the previous  section. 

. 

ling 
webs 

The tests also afforded an opportunity  to  study  the change i n  buck- 
mode of the specimens as the effect ive depthwise stiffness of the 
was changed. In   the  beams with  the formed-channel webs, skin buck- 

ling occurred with "washboardff buckles; that is, buckles w i t h  only trans- 
verse nodes i n d i c a t b g  that deflections of the web attachment flanges as 
well  as the  cover skin were occurring. In the beam with the square-cor- 
nered webs, loca l  buckling of the  cover s u n  and webs occurred  with  longi- 
tudinal nodes along the web attachment  lines. 

The buckling  theory  presented in reference 8 takes i n t o  account the 
depthwise s t i f fnes s  of eccentrically  attached webs, and the correlation 
of this theory wi th  a ser ies  of multiweb beam tests is shown i n   f i gu re  8. 
The sol id- l ine curve in figure 8 gives the  buckling-stress  prediction for  
the test  beams bui l t  with a 4% bend radius i n   t h e  formed-channel webs 
and the symbols indicate  the  experimentally  observed  buckling  stresses 
for   the  test beams. The dashed-line  curve is the  buckling-stress  predic- 
t ion  for   these same beams w i n g  the Integral  web theory of reference 3 .  
The substant ia l   reduct ion  in  the buckling  stress due to the depthwise 
f l e x i b i l i t y  of formed-channel webs accounts  for  the  relatively low fail- 
ure st resses  of these beams, which a r e   p l o t t e d   i n  figure 4. 

Cmbined bending  and torsion of multiweb beams .- 
have been made in which multiweb beams were subjected 
and torsion  and  pure-torsion loads. These tests were 
possible  procedures for predicting the Interaction of 
on the  fa i l ing  s t rengths  of this type of st ructure .  

Preliminary tests 
t o  cambined bending 
made t o  determine 
combined s t resses  
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Under a pure-torsion  load  it  is  proposed  that  plane  dfagonal-tension - theory  (ref. 9 )  can  be  used to calculate  the  ultimate  shear  strength  of 
the  cover  skins  by assdng that  the  webs  act  as  uprights.  For a three- 
cell  beam  tested in pure  torsion,  this  procedure  gave 8 strength  predic- 
tion  that  was  about 15 percent  conservative.  The  beam  had  closing  webs 
that  were as thick  as  the  cover skins in  order  to  carry  the  shear  flow 
around  the  box and the  failure was confined to a forced  crippling of 
the two lighter  interior  webs.  Although  this  agreement  was  considered 
satisfactory,  better  agreement  might  be  expected  for  test  beams  with 8 

greater  number of interior  webs. 

The  combined-load  tests  indicated  that  the  assumption  of a parabolic- 
type  interaction  between  torsional  and  bending  moments  leads  to a slightly 
conservative  strength  prediction.  At  the  present  time,  therefore, it 
appears  that  for  multiweb  beams  with  formed-channel  webs,  diagonal-tension 
theory  may  be  used to estimate  the  strength  under a pure-torsional  moment 
and data such  as  that  presented in  figure 4 may be used  to  predict  the 
strength  under a pure-bending  moment.  For  combinations  of  these  two 
loadings, a parsbolic  interaction may be  assumed. 

Multipost  Stiffened  Beams 

The  multipost  stiffened wing structure may be  characterized as 
essentially a multiweb  structure in which a number of the full-depth 
webs  have  been  replaced  by  lines of small stiffeners  connected  by  spaced 
vertical  posts  or  uprights,  as  shown in figure 1. The  desirability of 
such a replacement  for  production  reasons has been  discussed in  refer- 
ence 10. A viewpoint  expressed in  reference ll was that, for a certain 
intermediate  range of wing depths, a combination  of  stiffeners  and  posts 
may  provide a more  efficient means of stabilizing  the  covers  than  either 
stiffeners  of  large  moment  of  inertia  or  full-depth  webs. In this  depth 
range,  the  solid webs of a multiweb  beam  are  subject  to  considerable 
buckling  unless  they  are  stiffened  by  uprights  or  increased In thickness, 
either  of  which  alternatives  lead to the  webs  becoming a considerable 
portion  of  the  total  beam  weight.  Theoretical  studies  have  indicated 
that  for  equal  or  less  weight  than a solid  web, a combination  of  posts 
and  stiffeners  of small moment of inertia  can  perform some of  the  func- 
tions  of a web,  depending  upon  the  loading  conditions. 

Multipost  stiffened  beams in  pure bend%.- The theoretical  calcula- 
tions  reported in reference l l  shawed that in  pure  bending a combination 
of  posts  and sma l l  stiffeners  can  constrain  the  compression  cover to 
buckle in a desirable  manner,  that  is,  it  can  force a longitudinal  node 
to form along  the  line  of  stiffeners  and  posts.  The  combinations of 
stiffener  stiffness,  post  stiffness, post spacing, and so forth  required 
to form a node  were  established and this  behavior has been  confirmed  by 
tests  reported  in  reference ID as well  as  tests  descrLbed  in this paper. 
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The present   t es t  beams were constructed from rectangular  cross- 
section  tubes of 14s-r6 aluminum alloy. The purpose of these t e s t s  was 
t o  observe  the  buckling  behavior  and compare the  strength of the teams 
when stiffened  along  the  longitudinal  center  l ine by several  different 
post  st iffener  canbinations as w e l l  as by a so l id  web. For  the beams 
s t i f fened by the post  stiffener  combinations, the posts were r ive ted   to  
the stiffeners with a s i n g l e   r i v e t   a t  each  end,  simulating a pin-ended 
condition. The so l id  web was a channel formed t o  a 4 t  bend radius. 
The weight of the  center  l ine  supports  in  each of these beams was the 
same. I n  a control test, the  unstif'fened  tube was also buckled and 
fa i led .  A description  of  these test  specimens is given i n  table 111 
and figure 2. 

The results of the comparative tests are given in   f i gu re  9 .  As 
sham by the shaded portions of the b a r  graphs,  the  solid web and each 
of the  post  stiffener  canbinations  raised the buckling  stress  of the tube 
from about 6,000 psi,  when unstiffened,  to  about 23,000 psi .   In   these 
four   tes ts ,   local   buckl ing of the  skin  occurred  with a longitudinal node 
along  the  center-line  support. 'Just p r i o r   t o   f a i l u r e ,  however, the  longi- 
tudinal node along  the  support  disappeared  with  resulting  deflection of 
the  support.  Fatlure  occurred as a consequence of the  large  forces on 
the supports  associated  with the deflection. On the basis of  these f e w  
t e s t s ,  it appears that small, rather  than  large,  post  spacings are s l igh t ly  
more e f f ec t ive   i n   r e s i s t i ng  final f a i lu re  and that for   equal  w e i g h t  a 
combination of s t i f f ene r s  and posts can be as effect ive as a so l id  formed 
web i n  s t a b i l i z i r q  the compression  cover i n  8 pure-bending test. 

- 

Multipost  stiffened beams i n  combined bending and torsion.-  dhen 
tors?.on fs combined w i t h  bending, the  role played by the  posts   in  stabil- 
izing  the beam depends upan a number of f ac to r s   i n   add i t ion   t o   t he i r  
axial   st iffnesG and  spacing. The most important of these factors   are  
the   r a t io  of shear stress t o  bending s t ress   p resent   in   the  beam covers 
and the end f i x i t y  and  bending s t i f fnes s  of the posts.  A few tests have 
been made t o  evaluate the re la t ive  Importance  of these factors .  

The t e s t  specimens used f o r  the combined-load tests were similar i n  
construction  to  those  used  in  the bending t e s t s   ( s ee  table 111) w i t h  the 
exception of the  attachment between post and s t i f f ene r .  The posts were 
connected i n  a manner which introduced an undetermined amount of  end 
res t ra in t   to   the   pos ts  with the exception  of one specimen  which had a 
pin  connection between posts and s t i f feners  (as i n   t h e  bending  specimens). 
All specimens were bui l t  with  the same s t i f f ene r  and post  cross  sections 
and t he   r a t io  of post  spacing t o   c e l l  width was unity. The results of 
combined-loading t e s t s  on these specimens i s  sham i n  figure 10 where 
the  shear stress i n  the cover skin a r i s ing  from torsion i s  plotted  against  
the compressive s t ress   a r i s ing  from bending. 
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The solid  interaction  curves were faired through the c i r c l e  symbols 
3 which represent   tes ts  on specimens  having posts  with end r e s t r a in t .  Thus,  

in   these tests the   s t i f feners  and posts were capable  of  developing some 
Vierendeel truss ac t ion   t o  resist cover  buckling. The buckling stresses 
for   the  two tests w i t h  pln-ended  posts are shown by the  square symbols 
on the  shear and  compressive stress axes. In pure  bending, the r e su l t s  
with  pinned and restrained  posts   are   in  agreement as would be expected 
since  the line of  posts  and  stiffeners are capable  of  forming a longi- 
tudinal node at  buckling  and  Vierendeel t russ   act ion does not come in to  
play. The small spread between the  buckling-stress results with pinned 
and restrained  posts  in  pure  torsion, however, is attr ibuted  to  Vierendeel 
t russ   act ion.  Diagonal shear buckling  occurred i n  each of these tests 
with the  buckle nodes passing  through  the  post  locations on the  s t i f f ene r s .  
With this type of buckling,  Vierendeel truss action  causes an increase i n  
the   e f fec t ive   s t i f fener   s t i f fness .  However, as can be seen frm the buck- 
l ing  char ts  of reference 12, large  increases   in   s t i f fener   s t i f fness   pro-  
duce only  re la t ively small changes in   the  buckl ing  s t ress  of longitudi- 
na l ly  s t i f fened   p la tes   s t ressed   in  shear. 

The shape of the  experimentally  determined  buckling  interaction 
curve is  very  favorable i n  that a high percentage of the  buckling  loads 
i n  pure  torsion  and pure bending alone m t  be app l i ed   i n  combination t o  
cause  buckling. Along the portion of the  interaction  curve  associated 
with high r a t io s  of bending s t ress   to   shear   s t ress   the   pos t - s t i f fener  
combination  provldes  about the same s t a b i l i t y   t o  the compression  cover 
as would be expected f o r  a so l id  web. 

Interaction  curves  for these beams were also computed with  the sim- 
plifying  assumption that the sfde walls of the  tube  provided  simple  sup- 
port   for  the  covers.  The resu l t s  of a computation f o r  the buckling  stress 
combinations for  the  covers  st iffened by the  longitudinal  st iffeners  alone 
are shown  by the short  dashed-line  curve (fig. 10). With the  addition of 
closely  spaced,  Infinitely stiff posts,  pin  connected  to the s t i f f ene r s ,  
theory  indicates that buckling  should  occur a t  the stress combinations 
given by the  dashed-line  curve. It is  noticed that i n  pure  shear the 
post-s t i f fener  combination is  theoret ical ly  no  more e f fec t ive  than the 
stiffeners  alone,   but,  as the   r a t io  of bending t o  shear stress increases, 
the posts provide a s t ab i l i z ing   e f f ec t  on the covers. 

The spread between the dashed-line  curve and the  solid-line  buckling- 
interact ion curve established by tests is a t t r ibu ted   to   the  edge restraints 
offered by the side w a l l s  of the  tube durfng buckling. These edge 
r e s t r a in t s  are especially  large  during  the  formation  of a continuous 
skewed buckle  around  the  unequal width walls of a rectangular  tube buck- 
ling i n  shear. A t  the  other loading extreme, pure bending,  these  conti- 
nu i ty   res t ra in ts   a re   no t  as large and the t e s t s  are i n  better agreement 
with the simplified  theory. 
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The  preliminary  results of the  tests on thick-skin wlng structures 
described in this paper  illustrate  the  fact  that  the  effectfveness  of 
internal  supports  for the skin is highly  dependent  on  their  depthwise 
stiffness  characteristics.  These  stiffness  characteristics in turn have 
been sham to  be  strongly  influenced  by  fabrication  details  such as cor- 
ner  bend  radii,  eccentricity of rivet lines on  attachment  flanges,  and 
strength  of  riveting. The effect of these  items  on  beam  strength is such 
that  they  assume  the  importance of major design parameters  when high 
stress  levels  are to be  developed in a built-up  structure. 

Although  the  desirability  of  replacing some of the  webs in a multiweb 
structure  by  lines  of small stiffeners  and  posts has been  explored  in 
relatively  few  tests,  these  tests have indicated  that  such a replacement 
can  be  made  without a loss in  structural  efficiency  under  certain loading 
conditions. Thfs replacement  will improve interior  accessibility  and for 
a certain  range  of  wing  depth may reduce  the  weight  of  the  internal 
structure. 

Langley  Aeronautical  Laboratory, 
National  Advisory  Connnittee  for  Aeronautics, 

Langley Field, Va., May 27, 1953. 
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TABU I 

AND TEST DATA FOR CIRCULAR-ARC BEAMS 

.. 

DlMENSIONS 

~~~ ~ 

C, in. Mf, R, in. L, in. 
(a) in-kips 

40 

408.9 93.75 120 40 

242.8 125 120 40 
56 -75 250 I20 3.3 3/8 0.04 

7.6 

3/8 .IO 10.5 

3/8 .o8 

&rest  length exclusive of end  attachments. -57 

f T 
L, Ln. Yl, in. T m 

m., in. c, in. 

1o.n 41 0. 0 .  0 .  
m6 .O 
90.9 

1p0.0 

h?: 
109 .O 
128.0 
179.0 
W . 0  
bps0 .O 

U6.0 
%.e 

161 .o 

3u.0 
,nJs.o 

r 
l6.01 

1 

.u 
A1 
.U .ml 
33 
.53 
.53 
A1 

:B .79 .. I 
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TABLE I11 

DPIWSIOHS AND TEST W A  FOR BEAMS 

~ 33.75 

39.75 

39.75 

41.56 

60.00 

60 .oo 
60.00 

60 .oo 
qes t  length exclusive of end attachments. 

. 

khannel Geb with & - 0.051 fo& to 4% bend radius. 
'Pin-end post. 
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. 

Figure 1.- " p e s  of thick-skin-wing  construction. 
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Figure 2.- Q-pes of t e s t  specimens. Nominal dimensions l isted in 
tables I, 11, and 111. 
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SKIN  THICKNESS ts ,-  Xd. 

Figure 3 . -  Bending strength of circular-arc airfoils. 

“1 Hr* i tW 75S-T6 ALUMINUM 
CHANNELS FORMED 

& = 2 5 ”  TO 4t BEND RADIUS 
t S  8 

30 0 - t W  - = 0.41 
STRESS, 0 t S  

KSI 40 0 
0 W 3 

1 > 
0 

I I 1 I 1 
20 

I 
40 60 - 

BEAM THfCKNESS,-h “ 
SKIN THICKNESS ts 

Figure 4. - Bending strength of multiweb beams with formed-charnel webs. 
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Figure 5.- Effect of web thickness on bending strength of multiweb beams 
with formed-channel webs. 

601 %= 1: 75S-T6 ALUMINUM 

STRESS, 
KS I 

20- 

- t - W % w  
H 

0 
/ I I I I I i 

20 40 60 
BEAM THICKNESS H ---%<Ac-p=- 
SKlN THICKNESS ts a -  

Figure 6.- Predicted  bending  strength of multiweb beams with extruded 
channel webs (or web cap members ) . 
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Figure 7.- Effect of web-skin  joint  design on the  bending  strength of 
multiweb  beams. 
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Figure 8.- Comparison of theoretical  and  experimental  buckling  stresses 
for  multiweb  beams  with formed-channel webs. 
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I4S-T6 ALUMINUM  TUBING 
75S-T6 ALUMINUM STIFFENING 

Ffgure 9.- Comparative bending t e s t s  on a beam stiffened by different 
center line supports. 
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Figure 10.- Interaction of bending and torque on post stfffened beams. 
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